Background and objectives: Dimensional changes associated with the processing of complete dentures is one of most important problems of acrylic resin denture base materials, these changes lead to series of problems clinically. The aim of this study was to try new attempts to minimizing the post processing dimensional changes. Methods: Forty-two identical maxillary waxed dentures prepared, each of them mounted on an articulator. The initial dimension was measured between the upper and lower members of the articulator before processing, after processing and remounting of the dentures the measurements recorded after deflasking and decasting, comparing these measurements with the initial measurement determined the incisal pin opening (IPO). Two new attempts for decreasing IPO have been tested by modifying the conventional waxed dentures, in the first attempt five wax sprues added to the flanges while in the second attempt four wax sprues added to the palatal surfaces of the waxed dentures. The waxed dentures processed in two types of heat curing acrylic resins.
Introduction
The denture bases made of acrylic resin are preferred due to their easy fabrication, easy repair, adjustment and relining. In addition to these benefits, heat curing acrylic resin denture bases are very economic, provide color stability, highly smooth surface, and relatively easily cleaned. [1] [2] [3] [4] For the construction of denture base the most commonly used material is acrylic resin, but it is distorted during acrylic processing and throughout clinical use and it changes dimensionally. 5 These changes of acrylic resin affects the denture stability, cause inappropriate adaptation of the denture base to the oral tissue and changes of the positions of the artificial teeth. 6 Complete denture processing may cause changes, these common changes may cause alterations of occlusal vertical dimension (OVD). 7, 8 The phonetics, adaptation and retention of the prostheses, and the esthetics can be compromised by these changes. 9 For the elderly, these changes may ultimately result in longer periods of adaptation and patient dissatisfaction. 9, 10 During denture construction, distortions cannot be avoided. The dimensional changes cause alterations in the OVD, 11, 12 which may lead to irregular distribution of dental stresses on the residual alveolar ridge, traumatic occlusion, masticatory inefficiency, and difficulty in adaptation. 13, 14 Under clinical conditions, modification of the planned vertical occlusion dimension may be caused by these dimensional changes, which causes bone loss and traumas in mucosa. 15 Injection molding techniques and microwave polymerization are reported to improve clinical fit and reduce dimensional changes. Still many laboratories use compression molding technique and these new techniques did not gain popularity. 16 Acrylic resin complete dentures undergo thermal expansion during heating, contraction during cooling, and shrinkage during polymerization. 17 The inherent characteristics of this material produce internal stresses that is released during deflasking stage, generating dimensional changes and denture base distortion. 18 Studies focusing on acrylic resin properties and laboratory steps for complete denture processing are common in the dental literature. 14, 19, 20 Migration of artificial teeth in the mold commonly occurs in compression molding technique. [21] [22] [23] The resultant shift affects the planned occlusion adversely, and it is manifested by the loss of contact between the incisal pin and the incisal table of the articulator. [24] [25] [26] A clinically significant incisal pin opening (IPO) may occur after complete dentures processing by compression molding technique. 27 IPO is used by the examining members of the American Board of Prosthodontics as a criterion in evaluation of the quality of the procedure. 28 The objective of the present study was to evaluate two new procedures as attempts to reduce IPO. Many previous studies tried to decrease IPO by improving the techniques and the materials used during processing of denture bases. However, to the author's knowledge; no previous studies tried to add wax sprues to the waxed dentures to aid in improving the dimensional stability of the complete dentures.
Materials and methods
A total of 42 identical maxillary edentulous casts, produced from pouring a mixture of type III dental stone (BlauStone, Lot No. 22070306, Efes Dental, Turkey) prepared according to the manufactures instructions into a standard rubber mold. A triangle shaped reference with the depth of 2mm were prepared on the base of each cast, and for each cast a baseplate of double thickness wax (QWax, Lot No. 4052486, Efes Dental, Turkey) was constructed.
Forty-two maxillary sets of acrylic resin teeth (Major Dent, Major Prodotti Dentari S.P.A, Italy) of the same mold, size and from the same manufacturer were used. The teeth were arranged for one of the casts in conventional manner, all the incisal edges and cusps of the teeth were in contact with mounting platform of the articulator. A silicone mold made around the facial and palatal surfaces of the arranged teeth, which was used as a key for producing similar arrangement of the artificial teeth on all the casts. Waxing and festooning performed for all the maxillary waxed dentures. Each waxed denture was mounted on an articulator (ASA DENTAL-Anatomical Articulator 5010, Italy) using dental plaster, the midline faced the vnotch present in the anterior portion of the mounting platform and posterior teeth placed parallel to the posterior flange of the platform, care was taken that there was contact of all the incisal edges and cusps with the mounting platform. After the mounting plaster was set any space occurred between incisal guide pin and incisal guide table due to setting expansion was closed by adjusting and lowering the incisal pin to be in contact with the incisal guide table (Figure 1 ).
The waxed dentures were divided into three equal main groups, the first group was the control group, processed in conventional compression molding technique without any modifications, while the second and third groups were modified as attempts to decreasing the dimensional changes of processed dentures. First Attempt. The second group was modified by adding five wax sprues, the diameter of 4 mm and length of 10 mm, of blue sprue wax ( BlauWax, BlauDent ® , Efes Dental, Turkey) on the facial surface on the flanges of the waxed dentures. The first sprue was placed between the two central incisors, the second and third were placed between the canine and the first premolar on both the right and the left sides, while the fourth and fifth sprues were place on both the right and the left sides opposite to the first molars. the sprues were joined by a heated instrument, at 45 o to the flanges (Figure 2 ). Second Attempt. The third group was also modified by adding four wax sprues. In this attempt the wax sprues were added on the palatal surfaces of the waxed dentures with previously mentioned dimensions and type. The sprues were placed as follow: the first sprue was placed in the middle of a line joining both the right and the left canines, the second was placed in the middle of a line joining both the right and the left second premolars, while the third and fourth sprues were placed slightly posterior to the palatal surfaces of the right and the left second molars, all the sprues were joined by using a hot instrument perpendicularly to the palatal surface of the waxed dentures ( Figure 3 ). Groups. The 3 main groups were subdivided into two groups the 1st group was processed using D Processing of the waxed dentures. All waxed dentures were processed following the conventional compression molding technique, the waxed dentures were invested by two layers of plaster and a third layer (capping) of stone capping. The heat curing acrylic resin packed using hydraulic press with two trial closures of the flasks and processed following the manufacturers' instructions using electrical Hanau hot water curing unit. Measurement of dimensional changes and IPO. Before processing of the waxed dentures, after setting of mounting plaster and adjusting the incisal pin to get a full contact between incisal pin and guide, an initial measurement was recorded for each waxed denture with a digital vernier (Mitutoy, model number: Us Ms00 13, model: 500 series, Japan) accurate to 0.01mm. The distance measured between the top of upper member of the articulator just behind the top of incisal pin and bottom of lower member of the articulator just behind the incisal guide plate, for standardization the two positions were determined with a permanent marker ( Figure  4 ). After processing, and while the acrylic resin dentures were still on their casts just after deflasking; the processed denture with its cast were remounted on the articulator with the aid of the reference triangles on the base of the casts. A second measurement was recorded between the two mentioned positions. Another third measurement was recorded for the distance between the same positions after removing the dentures from their casts (decasting). The dimensional changes were calculated by recording the results of subtracting the measurement after deflasking and initial measurement, also the results of subtracting the measurement after decasting and initial measurement were recorded alone.
Data Analysis. The statistical package for Microsoft Windows® (SPSS version 23) was used to analyze the data, student t-test was carried out to determine the significance of difference between the specimens of the processed dentures of the two groups (non-modified and modified specimens). A P-value ≤0.05 was considered statistically significant.
Results
The mean values and standard deviations of IPO occurred for all groups after deflasking and decasting are shown in the Table1. The results revealed that IPO occurred in all groups in both times following deflasking and decasting. The mean of VDO changes (mm) in different groups after deflasking were: group 1 (0.872 ± 0.057), group 2 (0.295 ± 0.0282), group 3 (0.301 ± 0.063), group 4 (0.384 ± 0.022), group 5 (0.227 ± 0.042) and group 6 (0.382 ± 0.038). While The Mean of IPO in different groups after decasting were: group 1 (1.1729 ± 0.06921), group 2 (0.5929 ± 0.05851), group 3 (0.604 ± 0.072), group 4(0.872 ± 0.050) group 5 (0.447 ± 0.026) and group 6 (0.827 ± 0.065). The highest mean value of increased IPO appeared in Group1 after decasting, while the lowest mean of IPO was seen in Group 5 after deflasking. From the results of this study that are shown in Table 1 , it had been noted that both the new attempts showed reduction in the dimensional changes of IPO at both times after deflasking and decasting and for both types of the heat curing acrylic resins when compared to the control groups. The results were analyzed by student's t-test, paired at 95% level of confidence (P=0.05). The results of statistical analysis are shown in Table 2 . All the differences between the groups were significant for changes of IPO, except the differences between TC and TP at deflasking, and the differences between TC and TP at decasting, where the differences were nonsignificant. 
Discussion
Although many improvements have been applied to the heat curing acrylic resin denture base materials and new techniques have been used for processing the denture bases, dimensional changes and IPO remained as disadvantages of these materials. In this study the IPO occurred in all the processed dentures for the two brands of acrylic resins and in both situations deflasking and decasting ( Table 1) . The mean of the IPO occurred in the control groups was nearly similar to previous studies. 10, 26, 29 In the present study, two new attempts have been used to overcome the problem and to minimize the vertical dimensional changes and the amount of the IPO, and to produce less subsequent problems. Both attempts were performed by the addition of wax sprues to the waxed dentures. The wax sprue is easily available, can be adapted easily and sealed to the denture bases, do not affect the cost of processing procedures and no need for extra equipments. The presence of the wax sprues in both attempts significantly minimized the dimensional changes and the amount of the IPO associated with denture processing at both decasting and deflasking stages and for the two brands of heat curing acrylic resins. Since the attempts were new and there was no previous similar researches; it was not possible to compare the results with other studies.
Decreased number of the occlusal contacts and the increased VDO may be related to compression during molding, to the heating intensity and duration, or may be related to the non-uniform thickness in the flanges, 30 since the inherent characteristics of heat curing acrylic resin produce internal stresses that are released during the deflasking stage, which result in dimensional changes and denture base distortion. 18 It is thought that minimizing the IPO was due to the release of the strain through the free ends of the sprues where the packing pressure of the acrylic resin produce strain inside the denture base and the acrylic injected within the holes produced by the wax elimination of the sprues. After deflasking and decasting, the strain produced within the processed denture base is easily released through the free end acrylic sprues that minimize the distortion with the base and cause less migration of the artificial teeth and subsequently less IPO. Another cause of the less recorded IPO may be due the presence of excess acrylic resin that had remained after the second trial closure and removal of the acrylic resin flash that had been confined within the flask, may be the excess of the acrylic resin have been injected into the holes produced inside the second layer of plaster of flasking by the presence of the sprue wax.
Conclusion
Within the limitation of this study, it had been observed that both the two new attempts by adding wax sprues to the flanges and the palatal surface of the waxed dentures, significantly minimized the amount of IPO and produced less vertical dimensional changes of the processed complete dentures after deflasking and decasting.
Conflicts of interest
The author reported no conflicts of interest.
